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Abstract Clinical studies to date reported high survival rates with fixed dental prosthesis (FDPs) 
made of yttria partially stabilized zirconia (Y-TZP). Yet, the veneering ceramic layer that is 
responsible for the final optical outcome and anatomy of the FDP, with lower mechanical 
properties than Y-TZP, continues to exhibit high chipping rate. This clinically undesirable situation, 
which is in fact the failure of the system, may interfere with appearance, function and be costly in 
cases of early failures. Since understanding the factors related to veneer ceramic chipping may 
diminish such clinical failures, this review presents information on the mechanical and 
microstructural characteristics of veneering ceramics, challenges posed onto this material in the 
oral environment, mechanisms of generation of thermal residual stress profiles during cooling in 
bilayered FDPs and process related issues to circumvent chipping.  
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Introduction 
Yttria partially stabilized zirconium dioxide (Y-TZP) has become the most relevant ceramic material 
used for the production of fixed dental prosthesis (FDP), replacing metal alloys to a great extent 
over the past decade [1]. The successful outcome of Y-TZP FDPs has been associated with the 
intrinsic material toughening mechanism that occurs through phase transformation from tetragonal 
to monoclinic crystalline form. This transformation phenomenon results in the creation of 
compressive stresses around microstructural defects that occur primarily during milling or any kind 
of processing flaws that are subjected to tensile stresses. Since Y-TZP is able to react to the 
unfavorable tensile stresses generated during functional loading by changing phases, this ceramic 
has been regarded as a “smart material” [2,3].  
 
Failure reports on hip prostheses made of Y-TZP in the field of orthopedics in the early 2000’s, 
attributed to low temperature degradation, did not prevent dental researchers and clinicians to 
begin exploring the use of this material for the construction of FDPs [4,5]. With the advances in 
clinical and laboratory research, the dental community became more confident that the problem of 
low temperature degradation that caused the failures of hip prostheses would not result in a higher 
rate of clinical failure in FDPs made of Y-TZP as the framework material. It is likely that the 
environmental conditions, to which a hip prosthesis is submitted, are drastically different from 
those found in the oral cavity. Moreover, until very recently, only very small portions of the Y-TZP 
framework were directly exposed to the oral fluids as it was almost entirely covered by a veneering 
ceramic. Thus, the risk of low temperature degradation would be very low with dental 
reconstructions. 
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Chipping problem 
Clinical studies have shown that after 3 to 5 years of follow-up period, although the Y-TZP 
framework remained intact, veneering ceramic layer showed incidence of chipping at varying 
degrees [6-8]. According to a recent review [9], in a total of 31 clinical studies evaluating veneered 
Y-TZP crowns, 15 of them reported chipping of the veneering ceramic with a rate of more than 
10% between 2 to 8 years. On the other hand, lately, the clinical performance of veneered Y-TZP 
FPDs was reported to be comparable to that observed for metal-ceramic FDPs [10,11]. The 
improved clinical performance of such FDPs over the years has been associated with the slow 
cooling protocol employed for the FDP after sintering of the veneering ceramic. However, 
currently, the literature lacks more consistent clinical data to confirm the long-term reliability of 
such prostheses.  
 
Types of chipping 
One systematic review categorized the types of veneering ceramic chipping on Y-TZP frameworks 
[12], so that chipping grade 1 was considered for very small fractures that do not need to be 
repaired but could be simply polished, chipping grade 2 was considered for moderate fractures 
that usually requires direct repair in the oral cavity using photo-activated resin composites. On the 
other hand, relatively large fractures in volume, that require removal and remake of the entire FPD 
were classified as chipping grade 3. Fortunately, most clinical studies reported frequent chipping 
grades 1 and 2 and seldom grade 3, providing that the power of such studies are relatively low and 
that the lack of multiple observers in these trials poses a high risk of bias. Nonetheless, the 
chipping problem of the veneering ceramic is still considered a very inconvenient complication in 
the dental practice that necessitates attention of researchers and clinicians to solve the problem. 
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Material scientists in dental and other engineering arenas, spent efforts to better understand the 
problem and propose solutions that could result in increased clinical lifetime for these restorations. 
In fact, the chipping issue is affected by a number of different factors ranging from mechanical 
properties of the bilayered structures, thermal behavior, design of the Y-TZP framework and 
interactions between the veneer and framework interface [13-18].  
 
Possible reasons for chipping and proposed solutions 
 
Mechanical properties of veneering materials  
One of the main factors responsible for chipping is the low mechanical property of veneering 
ceramics   compared to other ceramics used for frameworks. The fracture toughness of veneering 
ceramic is about 1 MPa.m1/2 while the fracture toughness of Y-TZP can be as high as 10 MPa.m1/2 
due to the phase transformation toughening mechanism [13]. The low fracture toughness of 
veneering ceramics on the other hand, is related to their microstructure, that is composed of 
essentially a relatively weak glassy matrix and small amounts of leucite crystals, ranging from 5 to 
30%, depending on the commercial brand and the application type [19]. The glass composition of 
the ceramic matrix is highly susceptible to subcritical crack growth (SCG) [14,20], which occurs as 
a consequence of corrosive action of water in combination with tensile stresses concentrated 
around the crack tip [21,22].  
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Subcritical crack growth (SCG) 
In the oral cavity, the veneering ceramic surface is constantly exposed to saliva and subjected to 
tensile stresses generated by mastication forces. The combination of these two factors eventually 
leads to slow growth of defects that will ultimately decrease the lifetime of the material. SCG 
occurs when a small defect initially propagates up to a critical size, and later grows in an unstable 
manner, causing the undesirable chipping of the veneering ceramic layer. An important factor that 
should be taken into account regarding SCG is the inherent microstructural defects that are 
generated during processing of the prosthetic reconstruction [23]. When the porcelain slurry is 
applied with a brush over the framework and subsequently sintered, the resulting veneering layer 
usually displays high porosity. These pores inherent to the overall processing technique have been 
identified as the fracture origin in veneered Y-TZP crowns that fractured in clinical studies [15].  
 
Damages caused by chewing 
A frequent fracture origin is attributed to wear facets formed as a consequence of function or tooth 
grinding that take place usually after 2 years [15]. Based on such clinical fractography findings, it is 
evident that the veneering ceramic is very susceptible to the accumulation of microscopic surface 
contact damages caused by the antagonist dentition [24]. Another fact that influences the 
incidence of veneering chipping is the thermal stress generated during cooling of the restoration in 
the sintering furnace [16,25]. In this case, the last sintering cycle is critical as it determines the final 
stress profile within the veneering layer.  
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Thermal residual stresses 
Thermal residual stresses in all-ceramic reconstructions are highly dependent on two factors 
namely, the differences in the coefficient of thermal expansion (CTE) between the veneering 
ceramic and Y-TZP, and the temperature gradient created along the veneering layer during cooling 
[16,25]. The first factor is related to evidences indicating that during cooling of the FDP, the 
differences in the CTE between the veneering ceramic and Y-TZP framework yields different rates 
of contraction. Consequently, tensile or compressive residual stresses are generated and 
distributed heterogeneously along the two ceramic layers. The second factor, temperature 
gradient, on the other hand, is related to the fact that both veneering ceramic and Y-TZP exhibit 
very low thermal diffusion. The difference between the temperature of the veneering ceramic 
surface and the framework may exceed 200°C in specimens with 0.7 mm in thickness [26]. Thus, 
both materials need time for the surface temperature to match that of their inner portions. Such 
temperature gradient also results in the generation of residual stresses along the reconstruction 
during the cooling procedure [27]. When these residual stresses are of the tensile type, they will 
increase the risk of fracture for the veneering layer. Since they are already located within the 
reconstruction prior to the cementation procedure, even lower stress levels during chewing 
function are sufficient to reach the critical level that will ultimately lead to unstable crack 
propagation and chipping of the veneering layer.  
The proposed solution in order to reduce the formation of such tensile residual stresses during the 
fabrication of the Y-TZP FDPs was to employ sintering cycles with slower cooling rates than those 
used for metal-ceramic FDPs. Although this cooling protocol has been shown to be effective in 
several in vitro studies [27,28] in terms of reducing the residual stress level, there is still no clinical 
evidence that it significantly reduces the chipping rate of veneering ceramics in Y-TZP FDPs.  
	 9 
Influence of the restoration design 
Some other studies indicated the importance of the design of the Y-TZP framework and postulated 
this to modulate the risk of veneering chipping [17,29,30]]. Especially in posterior implant-borne 
FDPs, constructed from Y-TZP abutments covered with veneering ceramic, it is very common that 
large volumes of ceramic need to be applied to reproduce the appropriate anatomy of a molar 
tooth. In such cases, the interproximal region is usually reconstructed with a large amount of 
ceramic without having the underlying support of the Y-TZP framework. This type of unsupported 
design has been regarded as the cause of some of the chipping events reported in proximal areas. 
Hence, individualized design of the framework according to each clinical has been proposed in an 
attempt to give good support to the veneering ceramic layer [17,29,30]. 
 
Interface of porcelain/zirconia bilayers 
Microstructural and compositional changes at the veneering ceramic/Y-TZP interface may also 
have consequences on the initiation of residual stresses and thereby, delamination and chipping of 
the veneering ceramic [18]. In one study, the veneering ceramic sintered on a Y-TZP framework 
was removed by acid etching, and the resulting framework surface showed grains of tetragonal 
zirconia that had transformed into monoclinic grains due the direct contact with the water coming 
from the ceramic slurry in association with high sintering temperatures [18]. More recently, Mainjot 
et al. [31] performed a three-dimensional characterization of the veneer/Y-TZP interface using a 
focused ion beam microscope and demonstrated a significant change of the crystal grains from 
tetragonal to monoclinic phase along with relatively large microcracks in the Y-TZP surface that 
was in contact with the ceramic slurry. However, the origin and nature of these structural changes 
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are not well established yet, and the authors hypothesized that there might be an inter-diffusion 
process occurring between the veneering ceramic and Y-TZP at the interface. 
 
Processing methods 
 Press-on technique 
In addition to the aforementioned solutions, some more innovative options based on 
modifications of the processing protocols have been proposed to minimize the chipping risk. One 
well-established process in dentistry is the injection or press-on technique that was introduced in 
the early 90’s and is characterized by hot-pressing the veneering material on the framework [32]. 
In this technique, typically an external force at high temperatures is applied, resulting in a 
veneering layer with lower porosity and better mechanical properties as opposed to the layering 
technique through conventional stratification [32]. The injection processing technique takes place 
in a special furnace containing a piston that presses ceramic pellets on the Y-TZP framework that 
was previously sintered and milled. However, there is scarce information available on the success 
rate of these solutions neither in vivo nor in vitro. In one study [33], the load-bearing capacity of Y-
TZP crowns veneered with either layering or injection method was measured, the latter showing 
numerically higher fracture loads, yet statistically not significant. Regarding the type of failure, the 
injection method showed chipping only at the veneering layer, whereas all other systems showed 
predominantly fractures of both the framework and the veneering layer. 
 New techniques using CAD/CAM technologies 
In addition to new processing methods, recently another system (Vita Rapid Layer system, Vita, 
Bad Säckingen, Germany) was introduced, in which a Y-TZP framework and the feldspathic 
veneering ceramic are milled out of two ceramic blocks developed for CAD/CAM technologies. 
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These two components are then bonded using cement. Since in this system the sintering step is 
performed only for the Y-TZP framework and not for the veneering, possible formation of residual 
stresses is eluded. One alternative technique involves bonding of two previously milled structures, 
the so-called CAD-on system (Ivoclar Vivadent, Schaan, Lichtenschein). This methods is based on 
milling the Y-TZP framework and the lithium disilicate glass-ceramic as veneering ceramic and 
bonding these two constituents with glass-ceramic instead of cement. Only one single sintering 
cycle is then used to bond of the components and also to finish the crystallization of the lithium 
disilicate layer which is a glass-ceram veneering material with superior mechanical properties 
compared to feldsphatic porcelains. A previous study evaluated the fracture resistance of molar 
crowns constructed using CAD-on technique in which lithium disilicate glass ceramic veneer layer 
was either cemented or bonded with a fusion glass layer on the Y-TZP framework  [34]. The 
results were more favorable with the use of fusion glass layer, yet not statistically significant. 
Furthermore, the fractographic analysis revealed cohesive and adhesive fracture patterns that 
resulted in chipping of the veneering layer regardless of the processing method. 
 
Measurement of edge chipping resistance in different dental materials 
Determining the chipping resistance of the veneering ceramic layer on Y-TZP framework is not an 
easy task. In that regard, Quinn reviewed the chipping performance of different dental materials 
such ceramics and resin composites, with a focus on resistance to edge chipping [35]. The results 
clearly showed the influence of geometry of the indenters. Various groups of materials were tested 
in previous works of the same author, such as feldspathic porcelains, glass-ceramics, alumina 
pollycristal, Y-TZP, resin composites, and even polymethyl methacrylate (PMMA) based denture 
materials. The specimens evaluated in this review had different sizes and shapes, ranging from 
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fragment bars with a cross section of 3 to 4 mm, to larger blocks with length ranging from 10 to 20 
mm and 5 to 6 mm-thick. The specimens constructed for such tests needed to have well-defined 
edges. Interestingly, this review highlighted the fact that Y-TZP was the material being most 
resistant to chipping followed by PMMA-based denture material and in descending order alumina, 
resin composites, glass-ceramics, dental porcelains and hybrid ceramic-resin materials. 
 
Conclusions 
Chipping type of failure of veneering ceramic on Y-TZP FDPs continues to be a clinical problem 
degrading the longevity of such reconstructions in prosthetic dentistry. While the reasons for failure 
ranges from inherent material properties to processing techniques or from geometry of the 
framework to temperature dependent residual stresses, there are also no proper test methods to 
predict possible occurrence of chipping failures. Unfortunately, due to low power, bias or poor 
design of current clinical trials, the main reason for chipping for the individual case cannot be 
singled out in clinical trials. Thus, clinicians indicating Y-TZP FDPs for any reason may consider 
possible predisposing factors highlighted in this review to elude chipping phenomenon. 
 
 
Conflict of Interest 
The authors declare that they have no conflict of interest. 
 
 
References: 
Papers of particular interest, published recently, have been highlighted as: 
 • Of importance  
	 13 
•• Of major impotance. 
 
1. Denry I, Kelly JR. State of the art of zirconia for dental applications. Dent Mater. 
2008;24(3):299-307. 
2. Heuer AH, Lange, FF, Swain, MV, Evans AG. Transformation toughening: an overview. J Am 
Ceram Soc. 1986;69:i-iv. 
3. Al-Amleh B, Lyons K, Swain M. Clinical trials in zirconia: a systematic review. J Oral Rehabil. 
2010;37(8):641-52. 
4.	 De Aza AH, Chevalier J, Fantozzi G, Schehl M, Torrecillas R. Crack growth resistance of 
alumina, zirconia and zirconia toughened alumina ceramics for joint prostheses. Biomaterials. 
2002;23(3):937-45. 
5. Chevalier J, Deville S, Munch E, Jullian R, Lair F. Critical effect of cubic phase on aging in 3 
mol% yttria-stabilized zirconia ceramics for hip replacement prosthesis. Biomaterials. 
2004;25(24):5539-45. 
6.	 Raigrodski AJ,	Chiche GJ, Potiket N, Hochstedler JL, Mohamed SE, Billiot S,	et al. The efficacy 
of posterior three-unit zirconium-oxide-based ceramic fixed partial dental prostheses: a prospective 
clinical pilot study. J Prosthet Dent. 2006;96(4):237-44.	
7. Sailer I, Feher A, Filser F, Gauckler LJ, Luthy H, Hammerle CH. Five-year clinical results of 
zirconia frameworks for posterior fixed partial dentures. Int J Prosthodont. 2007;20(4):383-8. 
8. Tinschert J, Schulze KA, Natt G, Latzke P, Heussen N, Spiekermann H. Clinical behavior of 
zirconia-based fixed partial dentures made of DC-Zirkon: 3-year results. Int J Prosthodont. 
2008;21(3):217-22. 
	 14 
9. • Koenig V, Vanheusden AJ, Le Goff SO, Mainjot AK. Clinical risk factors related to failures 
with zirconia-based restorations: An up to 9-year retrospective study. J Dent. 2013;41(12):1164-
74.10. 
This manuscript presents an extensive table with clinical trials that shows the fracture index of the 
porcelain layer and also evaluates several clinical risks associated with failure of the veneering 
layer. 
10. Ozer F, Mante FK, Chiche G, Saleh N, Takeichi T, Blatz MB. A retrospective survey on long-
term survival of posterior zirconia and porcelain-fused-to-metal crowns in private practice. 
Quintessence Int. 2014;45(1):31-8. 
11. Nathanson D, Yamamoto H, Stappert CF. Performance of zirconia based crowns and FPDs in 
prosthodontic practice. J Dent Res. 2010;89(Spec Iss B):Abstract #2115  
12. • Heintze SD, Rousson V. Survival of zirconia- and metal-supported fixed dental prostheses: a 
systematic review. Int J Prosthodont. 2010;23(6):493-502. 
This review categorized the veneer chipping into 3 grades. 
13. • Wang G, Zhang S, Bian C, Kong H. Fracture mechanics analyses of ceramic/veneer interface 
under mixed-mode loading. J Mech Behav Biomed Mater. 2014;39:119-28. 
This manuscript shows a interesting method to analyse the fracture performance of the interface using  
sandwich specimens with porcelain/zirconia interfaces at different angles evaluating the propagation of the 
interface crack which may cause chipping of the veneering layer.  
14. Cesar PF, Soki FN, Yoshimura HN, Gonzaga CC, Styopkin V. Influence of leucite content on slow crack 
growth of dental porcelains. Dent Mater. 2008;24(8):1114-22. 
15. Scherrer SS, Quinn JB, Quinn GD, Wiskott HA. Fractographic ceramic failure analysis using 
the replica technique. Dent Mater. 2007;23(11):1397-404. 
	 15 
16. Tholey MJ, Swain MV, Thiel N. Thermal gradients and residual stresses in veneered Y-TZP 
frameworks. Dent Mater. 2011;27(11):1102-10. 
17. Lohbauer U, Amberger G, Quinn GD, Scherrer SS. Fractographic analysis of a dental zirconia 
framework: a case study on design issues. J Mech Behav Biomed Mater. 2010;3(8):623-9. 
18. Tholey MJ, Swain MV, Thiel N. SEM observations of porcelain Y-TZP interface. Dent Mater. 
2009;25(7):857-62. 
19. Deany IL. Recent advances in ceramics for dentistry. Crit Rev Oral Biol Med. 1996;7(2):134-43. 
20. Wiederhorn SM, Dretzke A, Rodel J. Crack growth in soda-lime silicate glass near the static 
fatigue limit. J Am Ceram Soc. 2002;85(9):5. 
21. Morena R, Beaudreau GM, Lockwood PE, Evans AL, Fairhurst, CW. Fatigue of dental 
ceramics in a simulated oral environment. J Dent Res. 1986;65(7):993-7. 
22. Gonzaga CC, Yoshimura HN, Cesar PF, Miranda, WG . Subcritical crack growth in porcelains, 
glass-ceramics, and glass-infiltrated alumina composite for dental restorations. J Mater Sci Mater 
Med. 2009;20(5):1017-24. 
23. • Tang X, Nakamura T, Usami H, Wakabayashi K, Yatani H. Effects of multiple firings on the 
mechanical properties and microstructure of veneering ceramics for zirconia frameworks. J Dent. 
2012;40(5):372-80. 
This manuscript indicates that protocols with several firing cycles of the porcelain can result in 
structures with less pores (pores can act as the fracture origin). 
24. • Baldassarri M, Stappert CF, Wolff MS, Thompson VP, Zhang Y. Residual stresses in 
porcelain-veneered zirconia prostheses. Dent Mater.  2012;28(8):873-79. 
	 16 
The study presents the Vickers indentation test as a good method to calculate and evaluate the 
thermal residual stress that can cause chipping of fixed-dental prostheses when associeted with 
the stresses genereted during chewing. 
25. Lenz J, Schweizerhof K, Rong Q. Thermal stresses in ceramometallic crowns: firing in layers. 
Chi J Dent Res. 2002;5(5):19. 
26. Swain MV. Unstable cracking (chipping) of veneering porcelain on all-ceramic dental crowns 
and fixed partial dentures. Acta Biomater. 2009;5(5):1668-77. 
27. • Meira JBC, Reis BR, Tanaka CB, Ballester RY, Cesar PF, Versluis A,	et al. Residual stresses 
in Y-TZP crowns due to changes in the thermal contraction coefficient of veneers. Dent Mater. 
2013;29(5):594-601. 
The study presents the influence of the thermal contraction coefficient value for the porcelain layer 
above its glass transition temperature on the development of residual stresses during fast cooling 
of ceramic restorations. 
28. • Benetti P, Kelly JR, Sanchez M, Della Bona A. Influence of thermal gradients on stress state 
of veneered restorations. Dent Mater. 2014;30(5):554-63. 
This study shows manufacturing methods of zirconia based restorations and decribes a slow 
cooling protocol that allows to reduce the generation of residual thermal stresses. 
29. Bonfante EA, Coelho PG, Navarro JM Jr, Pegoraro LF, Bonfante G, Thompson VP et al. 
Reliability and failure modes of implant-supported Y-TZP and MCR three-unit bridges. Clin Implant 
Dent Relat Res. 2010;12(3):235-43. 
30. Rosentritt M, Steiger D, Behr M, Hendel G, Kolbeck C. Influence of substructure design and 
spacer settings on the in vitro performance of molar zirconia crowns. J Dent. 2009;37(12):978-83. 
	 17 
31. • Mainjot AK, Douillard T, Gremillard L, Sadoun MJ, Chevalier J. 3D-Characterization of the 
veneer-zirconia interface using FIB nano-tomography. Dent Mater. 2013;29(2):157-65. 
This manuscript uses a recent 3D-analyses tool (Focused Ion Beam nanotomography) to study the 
behavior of the venner-zirconia interface. 
32. de Araujo MD, Miranda RBD, Fredericci C, Yoshimura HN, Cesar PF. Effect of fiber addition 
on slow crack growth of a dental porcelain. J Mech Behav Biomed Mater. 2015;44:85-95. 
33. Stawarczyk B, Ozcan M, Roos M, Trottmann A, Sailer I, Hammerle CH. Load-bearing capacity 
and failure types of anterior zirconia crowns veneered with overpressing and layering techniques. 
Dent Mater. 2011;27(10):1045-53. 
34. • Schmitter M, Schweiger M, Mueller D, Rues S. Effect on in vitro fracture resistance of the 
technique used to attach lithium disilicate ceramic veneer to zirconia frameworks. Dent Mater. 
2014;30(2):122-30. 
This in vitro study evaluates the effect of a new bonding technique used to connect ceramic 
materials (zirconia and lithium disilicate ceramic layers built from CAD-CAM blocks)	 through a 
single sintering cycle. 
35. •• Quinn GD. On edge chipping testing and some personal perspectives on the state of the art 
of mechanical testing. Dent Mater. 2015;31(1):26-36. 
This recent manuscript allows comparison between the edge chipping resistance of various dental 
materials and also presents details about the edge chipping test. 
 
 
